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Laser-Driven Quantum Wires: Localization and Transport 
Abstract 
Driving by a time-periodic external field can be used for coherent control of quantum systems. As 
an important application we study the transport and localization properties of laser-driven quantum 
wires. We develop a Floquet-Green function formalism for time-periodic Hamiltonians that allow 
us to generalize the definition of localization length in the case of disordered systems and of the 
Landauer formalism for the calculation of the conductance. Modifying the laser parameters we can 
control the transport and localization properties of the quantum wires in a coherent way.  
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I. Introduction 
Quantum wires will be the basic components in quantum electronic devices. Understanding 
their basic electronic transport properties is of fundamental importance for future applications. 
Experimentally, chains of atoms between two electrodes have been formed and investigated [1-3]
and the conductance of molecules like H2  has been measured [4].  Carbon nanotubes are also very 
promising materials for working as quantum wires in different possible devices [5].
One interesting possibility to control the properties of a quantum wire is to use a time-
dependent electromagnetic field such as that of a laser beam. Interesting phenomena have been 
found in the last decade, such as photon assisted tunneling[6,7]  pumping of electrons,[8-12]  heat 
pumping [13,14] and quantum rachet effect in molecules[15].  Theoretically, an important 
breakthrough was the recent derivation of a Landauer-type formula[16]  for transport in driven 
systems using Floquet theory[17].
 In this work we focus on two important properties of quantum wires and the possibility of 
controlling these effects through coherent radiation: the localization properties of electronic wave-
functions in disordered wires and the conductance of clean wires. To study both properties we 
develop a Floquet-Green function theory. 
If a disordered wire is long enough its eigenstates are exponentially localized. Electrons in 
these localized states are spatially confined and their only contribution to transport is through 
thermally activated hopping. The main quantity of interest in this case is the localization length of 
the electron wave functions , which is controlled by the ratio between the bandwidth   and the 
strength of the disorder W . A disordered system of length L> will behave as an insulator while a 
system with length L<  will behave as a conductor[18,19]. 
 One of the most basic property of the conductance in clean quantum wires is its oscillations 
as a function of the wire length[20]  When the Fermi energy EF  is located in the band center of a 
one-dimensional wire even-odd oscillations have been known to exist since the beginning of the 
field of molecular electronics[21].  They can be seen as analogous to a Fabry-Perot interferometer 
for electronic transport. The conductance of atomic Au, Pt, and Ir wires between break junction 
contacts has revealed these oscillations. For an odd number of atoms in the atomic wire the 
conductance has maxima while it is reduced when the number of atoms is even[22]. This behavior 
was obtained after averaging over many realizations of the experiment in which the precise form of 
the contacts between the electrodes and the atomic chain might be different. Using density 
functional methods these oscillations have been calculated for chains of Na atoms[23]  and a four-
atom period was obtained for Al atoms[24].  Depending on the value of EF oscillations of different 
periods have been shown to appear[25]. These oscillations survive in the presence of 
interactions[26]  which can increase their amplitude with the length[27,28,29]. 
We will model the quantum wire through a simple tight-binding one-dimensional model. Disorder 
will be modelled through a random on-site energy uniformly distributed, i  [-W/2,W/2]. In the 
two-site conductance measurements the coupling to the leads will be modelled by an imaginary 
coupling matrix element in the first site and last site of the wire. We will consider a laser 
illuminating the wire from the perpendicular direction but polarized in the direction of the wire. The 
effect of the laser will be modelled in the dipolar approximation as an extra time-dependent field 
Hac=Vxcos(t), with x being just the site index in the tight-binding model.  
II. Floquet-Green function formalism 
The pioneering work of Shirley [30], Zel’dovich [31] and Sambe [32] laid down the theoretical 
foundations for a complete treatment of time-periodic potentials, based on the same mathematical 
tools already developed for time independent potentials. The definition and application of the Green 
function formalism that fully exploits the periodic time-dependence of the Hamiltonian has not been 
done until recently. The complete Floquet-Green operator formalism for general time-periodic 
Hamiltonians was introduced by one of the authors in previous works [33,34]. 
If we consider a general time-periodic Hamiltonian H(t)=H(t+T) with the period T=2/, the 
Floquet theorem states that the solutions of the Schrödinger equation are of the general form 
where  
(2)




This equation is an eigenvalue equation that can be solved with the usual techniques developed for 
coping with the static Schrödinger equation. In particular we can define the Green function as the 
solution of 
(5)
where T(t´-t´´) is the -periodic delta function that makes the Green function to be periodic both in 
t´and t´´. As G(E,t’,t’’) is periodic in time we can expand it in its Fourier components in both time 
arguments. The main objects are needed for the calculation of both transport properties and 
localization properties are  the G(k,0) Fourier components that we will denote as G(k) . As explained 
in [33-37] it is possible to write the Floquet-Green function Fourier components G(k) as a function 
of the Floquet eigenvalues of the system in a very similar way as the usual Green-function 
(6)
where we have used the Fourier components of the Floquet eigenfunctions. 
For the numerical calculation of the k-mode components of the Floquet-Green function we use 
throughout this work a very efficient method base on a matrix-continued fraction approach and 
develop in [33-37]. 
(1)
III. Dynamical control of the localization length in disordered wires 
The generalization of the usual definition for the localization length in disordered wires to the case 
including time-periodic external fields was done for the first time in [35] 
(7)
The Green function must be evaluated between the sites 1 and L of the disordered wire. The decay 
rate in the thermodynamic limit gives us the localization length. We choose the k=0 mode of the 
Floquet-Green function as all modes give the same value for the localization length as was shown in 
[35]. 
In Fig. 1 we show results of the localization length as a function of the amplitude of the external 
field divided by the frequency V/for a value of disorder W=5 and different values of the 
frequency. We can immediately recognize two regimes in the figure. In the high-frequency regime 
the localization length is always smaller than the localization length without driving force 0. In the 
low frequency regime we can see a clear increase of the localization length for moderate values of 
the amplitude of the field V. The important result is that it is possible to control the value of the 
localization length, directly related with the transport properties of the system, through a careful 
choice of the parameters of the external field. 
IV. Modification of the length dependent oscillations of the conductance of 
clean wires 
The Landauer-Büttiker formulation for transport [16] has been generalized for taking into 
account the presence of driving [38,39]. The dc conductance in a two-terminal setup, for example, 
has been shown to be proportional to the sum of the squares of the amplitudes of the k-mode 
Floquet-Green function components between the first site of the quantum wire connected to the left 
lead and the last site of the quantum wire connected to the right lead. 
For spatially symmetric Hamiltonians there is no pumped current and for zero temperature one 
can prove that the conductance g is 
(8)
where  accounts for the coupling with the leads, assuming both equal couplings, and EF is the 
Fermi energy [37]. In Fig. 2 we can see the numerical results of the modified even-odd oscillations 
of the conductance for different parameters. Conductance can be controlled from perfect values g=1 
to very low values with a careful choosing of the parameters. Analytical results for the high-
frequency limit and the adiabatic limit can also be obtained. In the adiabatic limit one averages the 
current through all the static configurations while in the high-frequency case the different paths of 
the electrons through the wire interfere destructively and reduce the conductance [37] . 
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Fig. 1 
 as a function of V/ for W=5 and different values of . 
Fig. 2 
DC conductance g as a function of the length of the wire for =0.5, V/ and for differente 
frequencies. Results without field will be g=1 for odd values of L and g=0.64 for even values of L.  
